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WATER AND WASTEWATER ISSUES

| NTRODUCTI ON

As we approach the twenty-first century, we should be considering
where we are today and where the consequences of our actions wll

pl ace us tonorrow. This is especially true in the managenent of our
aging and growing infrastructure. Infrastructure facilitates novenent
of peopl e and goods, provides adequate safe water for drinking and

ot her uses, provides energy where it is needed, renoves wastes, and
general ly supports our econony and quality of |ife. The demand for
infrastructure worldw de is huge, approximating $3 trillion annually.1?
Many areas of the world are currently experiencing rapid growh, with
t he associated need for their infrastructure to support that grow h.
At the sane tinme, devel oped areas are replacing old and obsol ete

I nfrastructures to neet existing and future requirenents. Besides the
need to address the i mmedi ate probl ens associated with infrastructure,
there is a need to make fundanental changes in the way infrastructure
I's designed, built, utilized, maintained and renewed if we are to

achi eve economc growth while preserving and enhanci ng environnent al
quality.

In 1988, the National Council on Public Wrks | nprovenent,
aCongressi onal | y mandat ed special conmm ssion, issued a report on the
state of this country's infrastructure. The Conmm ssion | ooked at ei ght



I nfrastructure areas: highways, mass transit, aviation, water
resources, water supply, wastewater, solid waste, and hazardous waste.
Based on the Council's findings, it is estimated that this nation
woul d have to invest over $100 billion each year in new and existing
public works. QOoviously, a trenendous effort nust be put forth to
ensure that these resources are spent on cost-effective,

technol ogically sound renedies that will neet national environnmental

goal s. 2

A 1990 report by the Congressional Ofice of Technol ogy Assessnent

i dentified environnental infrastructure problens in the areas of
wast ewat er, drinking water and nunici pal solid waste and eval uated the
| npacts of these problens on |local comunities. As is apparent, a
community's environnental infrastructure needs are varied and
interrelated. Communities nmay have the sane generic needs (providing
safe drinking water, protecting receiving waters, environnentally
accept abl e di sposal of solid waste, etc.) and associ ated probl ens,
however, the solutions to these problens can vary greatly with
community size because snaller conmunities generally |ack the
financial (lower per-capita incone, snmaller tax base, etc.) and
personnel resources (operation, nmaintenance, nanagenent, etc.) of

| arger ones, forcing the use of |ower-cost, |ess-conplex

t echnol ogi es. 3

A community's first step to providing quality environnental services
Is to identify and characterize its environnental infrastructure
conponents. In 1994, the Anerican Society of Cvil Engineers' (ASCE)
G vil Engineering Research Foundation conducted a survey of

approxi mately 800 nmunicipalities, nationw de. The purpose of the
survey was to evaluate infrastructure conditions and the nost critical
and frequent problens and needs for seven infrastructure systens:
bui |l di ngs, transportation, solid waste, hazardous waste, power &
energy, wastewater, and water resources. The results of the survey
wer e anal yzed and prioritized resulting in a list of specific problens
and needs, many identified as not being adequately addressed by
current research (Table 1).4 Appendi x A provides a brief discussion of
sel ect national priority itens in Table 1 that relate to EPA s
Nat i onal Ri sk Managenent Research Laboratory (NRMRL) activities
(asterisked itens).

This research plan will address nmany of the above nationally-
identified priority infrastructure issues, as they relate to the



m ssion of NRVRL's Water Supply and Water Resources Division (WSWRD).
It presents a focused approach, for water and wastewater issues,
enphasi zing "retrospective" activities associated with aging and

obsol ete infrastructures and "prospective" activities associated with
t he devel opnent of sustainable technol ogies forfuture growth
considering the preservation and enhancenent of environnental quality.
Near-termresearch activities could be initiated at NRVRL's existing
multi-mllion dollar Urban Watershed Research Facility (UARF), | ocated
i n Edison, NJ; Appendix B provides a brief description of the
facility. This facility is currently undergoi ng extensive

nodi fication, including the upgrading of experinental conveyance and
storage systens. The enhanced facility will be capable of supporting
control | ed-condi ti on experinents on sinulated urban infrastructure
probl ens; principally, those problens associated with water supply and
wast ewat er i ssues. These problens and i ssues are addressed in this
plan within the context of the follow ng categories:

A. CONVEYANCE SYSTEMS

A.1 Pot abl e Wat er
A. 2 Petrol eum and Chem cal

A.3 Stormmvat er and Wast ewat er
A.4 Hot and Chilled Water and Steam

B. STORAGE SYSTEMS
B.1 Pot abl e WAt er
B.2 Petrol eum and Chem cal

B.3 Stormvat er and WAst ewat er

C. SUSTAI NABLE TECHNOLOGY DEVELOPMENT

C.1 Communi ty-Based | ssues
C. 2 Deci sion Support Tool s
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A. 1 CONVEYANCE SYSTEMS: POTABLE WATER

Not surprisingly, there is a greater and nore tangi bl e urgency in

wat er supply and distribution then any other area of infrastructure.
O the approximately 200, 000 public water systens in the United
States, about 30% are community water systens which serve primarily
residential areas and 90% of the popul ati on. Pot abl e water conveyance
within these 60,000 comunity systens represents an estinmated 850, 000
mles of pipe. Mich of this pipe has been installed since Wrld War
1, is less than 30 years old and is judged to be in good condition.
However, 26% of this piping is unlined cast iron and steel and is
judged to be in fair or poor condition at best froma structural and

hydraul i ¢ vi ewpoint; requiring accelerated repair and replacenent.?

Water distribution systens represent a major capital 1nvestnent;
utilities nmust ensure they are getting the highest yield possible on
that investnent, both in terns of dollars and water quality. Know ng
when pipe failure is likely to occur, and being able to detect and

| ocate failures quickly and accurately gives utilities |everage on
cost-effective planning and nmanagenent of infrastructure needs on a
system w de basi s.

Most of the Federal regulations have focused on water treatnment even
though it is well known that the delivery systemitself can cause
significant deterioration of water quality. For exanple, many
mechani sns can i ntroduce bacteria into drinking water during

di stribution. These include open reservoirs, enclosed reservoirs to
whi ch chlorine is not added, new construction that may di sturb the
existing distribution system main breaks (an increasing problemin
agi ng systens), back pressure, dead ends in mains that stagnate water,
and |iving organisns that protect bacteria but may rel ease bacteria

into the drinking water when nains are
di sturbed. In addition to bacterial contam nation, corrosion by-

products can al so cause deterioration of water quality.?®

There are many inportant interactions between water quality and cost.
For exanple, long-termcorrosion of older mains can result in



t ubercul ati on, thereby reducing the pipe's carrying capacity. The
reduction in carrying capacity requires increasing investnents in
power and punpi ng, causing a trade-off between the reduction in
hydraul i ¢ capacity and the increased operation and nmai nt enance costs
to get water fromone point to another. Al so, bacterial growh wthin
tubercles may cause a potential health problem Tubercul ation al so
weakens the main by reducing the wall thickness. These reductions in
carrying capacity and in strength can increase punpi ng, breakage, and
repair costs, and, consequently, the cost of water delivery.

Water supply is also an inportant econom c good. Capital investnent in

wat er supply has averaged $3.3 billion a year for the last five years,
and annual operating and nai nt enance expenses anount to a total of
approximately $3 billion each year. Transmi ssion and distribution

account for the | argest percentage of capital investnent, and

represents a significant portion of the operating cost investnent.® In
1994 alone, the U S. Arny spent $37 mllion or $3000/mle to maintain
their water distribution piping, total cost for service was $82

mllion.7 The distribution systemoften involves as nuch as 80 percent
of the total expenditure in drinking water systens.6

Research Probl em

Piping materials used for transm ssion of potable water include:
ductile and cast iron, netallic piping such as steel and copper, and
nore recently plastic (polyethylene). Over tine the integrity of these

lines and their joints fail, whether due to pressure surges,
di sturbance by construction or direct tapping, natural disturbance by
expansive soil, frost penetration, tree roots, or seismc activity.

(bservance of |oss of pressure and an uni ntended water spout are

obvi ous signs of a leak in a pressurized pipe. Detecting not so

obvi ous problens in a transmssion line is not that sinple and snoke
test nethods frequently cannot | ocate small | eaks. Renote vi deotapi ng
of a collection Iine, use of radar or other advanced neans of

"readi ng" a pipe's condition underground, and physical inspection of a
line in the area of a suspected problem are not always possi bl e and

can be unsafe, costly in manpower hours,

di sruptive, politically insensitive, and/or incur significant
repl acenment costs. Infiltration/inflow analysis (flow
tests),relatively sinple when input data is avail able, becones
probl emati c when i nput is both unknown and highly vari abl e.



Steel and cast-iron pipes are plagued by corrosion and repairs to

t hese pipes are constantly needed. Aspects of the corrosion problem
I ncl ude di sbondi ng of protective coatings and stress-corrosion
cracking. Location of problemareas is difficult and repair of these
lines is often disruptive, expensive, and short-I|ived.

Pol yet hyl ene piping is proving itself to be a viable alternative in
sliplining existing piping and installing new, nore durable plastic

pi ping in place of corroded pipe. Though virtually free fromattack by
corrosion, plastic piping faces its own chall enges of squeeze-off
damage, inadequate heat fused jointing, and failures due to

over bendi ng, electrostatically caused pinholes, and | ocating the

pl asti c pi pi ng under ground.

In addition to the problens associated with preventing, detecting and
| ocating | eaks and failures in water distribution systens, there are
probl ens associated with maintaining water quality within the system
For exanple, the effectiveness of water treatnent chem cal s decreases
the further the product gets fromthe plant. The |evel of treatnent is
vari abl e, especially in rural areas where budgeting constraints do not
al l ow for needed capital investnent. It is not uncommon in rural areas
for tenporary "boil orders" to be issued.

Resear ch Questi on

What are the best approaches to design, construct, maintain and
rehabilitate water distribution systens and to ensure water quality in
urban settings?

Resear ch Needs

Devel op and denonstrate new and i nproved technol ogies to prevent,
detect, and |ocate |eaks in water distribution systens and to
restore/rehabilitate sites where | eaks have occurred.

Devel op cost-effective technol ogies and policies that pronote both
conservation of water as well as overall inprovenent of water quality.

Research Program Areas (not prioritized)

A.1l.1 ldentify and evaluate the prinmary causes and effects on water



quality of leak failures in water distribution systens and assess the
state-of-the-art associated with preventing, detecting, |ocating, and
rehabilitating these | eaks/failures.

A.1.2 Identify, design and construct required nodifications to the

UWRF to enabl e testing of new and inproved technol ogies for
preventing, detecting and locating |leaks in water distribution
syst ens.

A. 1.3 Evaluate the application of acoustic technol ogies for nore
accurate and tinely detection and | ocation of |eaks in potable water
pi peline systens, recognizing the unique problens associated wth
varying pipe materials, connections, and types of

lines [i.e.,house service lines, laterals (12 in dia), distribution
lines (> 24 in dia; 24 dia),etc.].

A. 1.4 Eval uate ot her-than-acoustic principles for detecting and

| ocating | eaks in water distribution systens and devel op a matri x
associated with what systens are nore applicable to specific
situations; e.g., systemconfiguration, pipe size, material, etc..

A. 1.5 Investigate innovative approaches to "build in" |eak
prevention/ detection/location capabilities.

A.1.6 ldentify and assess the state-of-the-art on technol ogies to
determ ne and predict the structural integrity of water distribution
syst ens.

A. 1.7 Evaluate the application of acoustic technol ogies (and ot her
nondestructive technol ogies) to assess the structural integrity of
wat er distribution systens and to assist in approaches to predict
potential system fail ures.

A. 1.8 Evaluate inproved design and installation procedures associ ated
with water distribution systens, including:

--- guidance on materials selection and i nspection to ensure
conpliance with water quality standards and

conpatibility with site-specific conditions

--- excavation technol ogi es, involving no-dig, |owdig,

qui et-di g techni ques



--- inproved backfill materials and processes

A 1.9 Investigate the prinmary causes of systemfailures and devel op
| nproved eval uati on, operation and nai nt enance prograns, and
mechani sns to protect the integrity of water distribution systens.

A. 1. 10 Eval uate conputer-aided systens and renote nonitoring and
control techniques for decision making on water pipeline operation,
mai nt enance and repair.

A.1.11 Identify and assess the state-of-the-art on repair and
repl acenent techni ques for damaged water distribution systens,
I ncl udi ng:

--- nmet hodol ogies for |ocating plastic piping underground
--- techniques relating to disinfection after
repair or replacenent

--- techniques for rehabilitating or replacing | ead service
i nes

A. 1.12 Evaluate techniques such as the use of CO, treatnment for

renmovi ng and controlling scale without disruption or health hazard, in
donmesti c water systens.

A.1.13 ldentify and eval uate new and i nproved technol ogi es such as
baked- on phenolic coatings for copper lines to prevent internal
scal ing and corrosion.

A. 1. 14 Eval uate new and i nproved techni ques such as in situ epoxy
linings for rehabilitating and prolonging the life of existing water
mai ns i npl ace.

A. 1. 15 Evaluate the perfornance of pipe corrosion inspection craw ers
with optical probes to determne the integrity of small dianeter

pi pes.

A. 1.16 Eval uate new and i nproved techni ques such as "pipe bursting" to
replace old utility lines wth polyethyl ene pipe.

A. 1.17 Evaluate the problens associated with water system
appurtenances such as: valves, regulators, connections, etc.,



i ncluding their contribution to inpeding nore accurate | eak detection
and | eak | ocation, and investigate new and i nproved desi gn concepts to
prevent | eakage.

A. 1.18 Assess current design technol ogi es and practices associ ated
Wi th conserving water and mai ntaining water quality in the

di stribution system and i nvesti gate new approaches, policies and
desi gn and treatnent concepts.
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A. 2 CONVEYANCE SYSTEMS: PETROLEUM AND CHEM CAL

Approximately 3 mllion storage facilities in this country contain

pet rol eum products and ot her chemicals.8 9 Associ atedwith these systens
are thousands of mles of pressurized pipelines, both above ground and
bel ow ground. Mst of the earlier installed systens were nmade of bare
steel, which is likely to corrode over tine and allow contents to | eak
into the environnent. Faulty installation or inadequate operating and
mai nt enance procedures can also result in uncontrolled rel eases.

A pressurized pipeline systemcan remain functional and di sperse
product even if it is |eaking. Because of the high operational
pressures, a large release can occur in a very short period of tine.
Even a small release, such as a single gallon of gasoline can render a
mllion gallons of water non-potable. The average clean up cost of a
leak is estimated by the U S. Arny Environnental Center to be
approxi mat el y $200K and ranges consi derably hi gher where ground wat er

i s contam nat ed. 10

A survey conducted by APl in July 1994 indicated that pressurized
buri ed pi pi ng has been the nost predom nant source of contam nation
over the past five years.® An earlier survey indicated that

approxi mately 70-80% of the |eaks in storage systenms occurs in the
pi pel i nes; nostly pipelines under pressure.

Federal regulations require that the owners of petro/chem cal tank
systens test their pipelines using | eak detection systens that neet
m ni nrum performnce standards. No | eak detection system can be used
unless it can be certified as capable of neeting these federal

standards (i.e., 3 gal/h for automatic |leak nonitors, 0.1 gal/h for
line tightness test nethods, and 0.2 gal/h for automatic nonitoring

met hods) . 11

A der systens are being replaced with newer technol ogies (e.g., double-
wal l ed Iines, flexible piping, fiberglass |lines). These newer

t echnol ogi es do not have a long history of performance in the field and
accordingly are introducing new problens in dealing with preventing,



detecting and | ocati ng | eaks.

In addition, there is a trenendous variety of pipeline configurations
being utilized for petro/chem cal distribution, each having unique
characteristics and uni que probl ens associated with preventi ng,
detecting and |l ocating | eaks. These include conveyance systens
typically found at retail service stations, mlitary installations,
bul k product storage and di spensing facilities, airport hydrant
systens, trans-continental pipelines, railway cars and other transfer
l'ines.

Research Probl em

There are four main technologies in use for detection of liquid | eaks;
each is associated with the physical phenonena which occurs either at a
|l eak site or in the systemdue to the | eak. Chem cal concentration
detection or "sniffing" requires the | eakto provide concentrations

whi ch are detectabl e above normal, naturally occurring concentration

| evel s. Level nonitoring can be used only in closed systens which allow
for an accounting systemto detect |osses. Supervisory control and data
acquisition systens rely on process control sensors to detect

di screpancies in the performance of the systemwhich could indicate a

| eak. Acoustic systens rely on noi se produced by turbulent liquid flow
to detect |eaks in piping systens. Each of these technol ogies has a
specific detection sensitivity and each has advant ages and

di sadvant ages associated with the systemit is used with. In addition,

t hese technol ogi es, except for acoustics, predom nantly detect |eaks as
opposed to actually locate | eaks and require long test tinmes which can
seriously inpact nornmal operations and increase environnmental risks.

O her technol ogies that physically inspect the internal surface of

pi pelines utilize ultrasonics, fiber optics, and video inspection in
conbi nation with robotic technology. Additionally, transcontinental

pi pelines, typically utilize "pigs" for internal inspection. These
approaches have their place in the matrix of problem and system
application; however, sone are in the devel opnental stage and ot hers
are costly, obviously invasive, and require downtine to conduct a test.

Research Questi on

What are the best approaches to design, construct, nmaintain and
rehabilitate petro/chem cal distribution systens to ensure optinmm
system perfornmance and thus reduce the risks (associated with failure)



to public health and safety?

Research Need

Devel op and denonstrate new and i nproved technol ogies to prevent,
detect, and | ocate |eaks in petro/chem cal distribution systens and to
restore/rehabilitate situations where | eaks have occurred.

Research Program Areas (not prioritized)

A. 2.1 Docunent the primary causes of |eaks, and failures in

petro/ chem cal distribution systens and assess the state-of-the-art and
I nherent problens associated with preventing, detecting, |ocating and
rehabilitating these | eaks and failures. Investigate systens/aspects of
systens of varying materials of construction, sizes and configurations,
as utilized for specific applications, such as:

--- fuel dispensing lines at retail service stations

--- fuel transfer lines at mlitary installations

--- requlated bul k product |ines such as hydrant systens,
transconti nental systens, etc.

--- production lines in chem cal manufacturing industries
--- system appurtenances such as val ves, el bows, bends,
transition sections, etc.

--- transportation systens such as rail tank cars and ot her

transfer vessels, etc.
--- low level liquid waste systens at DCE installations

A. 2.2 ldentify, design and construct the required nodifications to the
UWRF to enable testing of new and i nproved technol ogi es

for preventing, detecting, and locating |eaks in the petro/
chem cal distribution systens investigated in Research Area A 2.1.

A. 2.3 Evaluate the application of passive acoustic technol ogies for
rapi d, nonintrusive, portable and online, detection and |ocation of
| eaks in petroleumdistribution Iines found at:

--- retail service stations (typically 2-4 in dia, 200 ft

| ong)
--- fuel transfer lines at mlitary installations (typically

10-12 in dia, 500 ft and | onger)



--- lowlevel liquid waste Iines at DCE install ations

(typically double-walled lines, 4 ininner dia/8 in
outer dia, several thousand feet |ong)

NOTE: This is an ongoi ng program sponsored by DoD

A. 2.4 Eval uate other-than-acoustic principles for detecting and

| ocating | eaks in petro/chem cal distribution systens and devel op a
matri x associated with what systens are nore applicable to specific
situations.

A. 2.5 Evaluate new design and installation procedures and technol ogi es
such as "built in" |eak prevention, detection, and | ocation
capabilities associated with petro/chem cal distribution systens.

A.2.6 ldentify and assess the state-of-the-art on technologies to
determ ne and estimate the structural integrity of petro/
chem cal distribution systens; e.qg.:

--- fiber optic instrunmentation

--- diagnostic conputer programto eval uate cathodic
protection systens and predict corrosion

--- conputer systens to prioritize pipeline

repair/repl acenent

--- pipe corrosion nonitor using electro chem cal inpedance
to avoid "dig-up"

--- fracture/fatigue systens to mnimze failures

A. 2.7 Evaluate the application of acoustic technol ogi es (and ot her
nondestructive technol ogi es) to assess the structural integrity of
petro/ chem cal distribution systens and to assist in approaches to
predi ct potential systemfailures.

A. 2.8 Evaluate the problens associated with petro/cheni ca
appurtenances and devel op new and i nproved desi gn concepts and ot her
sol utions, including such itens as:

--- losses due to intrinsic valve | eakage into the flare
system whi ch can cost many hundreds of thousands of
dol l ars per annumon any individual site. (A sinple



practical systemfor quantifying | eaks from

i ndi vidual /mul ti ple val ves can be devel oped to assist in
mai nt enance deci si ons.)

--- the contribution of transition sections, elbows, bends,

etc. to inpeding nore accurate | eak detection and | eak
| ocati on technol ogi es

A. 2.9 Investigate inproved operation and nmai nt enance net hodol ogi es and
prograns, including renote nonitoring and control approaches, to

| nprove system performance, to reduce risks to the environnent and to
operating personnel frompremature fail ures.

A.2.10 Identify and assess the state-of-the-art on repair and
rehabilitation technol ogies for damaged distribution systens and

I nvestigate new and i nproved technol ogies; e.qg.:

--- sliplining technol ogi es
--- inliner cured inplace pipe
--- in situ formcured inplace liner

A 2.11 Identify the state-of-the-art and needs associated with the
prevention, detection and repair of leaks in transportation systens
such as rail tank cars and other nobile vessels.
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A. 3 CONVEYANCE SYSTEMS: STORMMTER AND WASTEWATER

Sewer pipeline stoppages and col | apses are increasing at a rate of
approxi mately 3% per year. Roots that puncture and grow inside pipes
cause over 50% of the stoppages, while a conbination of roots,
corrosion, soil novenents and i nadequate construction are the cause of
nost structural failures. Deterioration of jointing material s,
pressure surges, disturbance by construction or direct tapping, and
seismc activity also contribute to collection line failures. These
problens result in approximately 75% of the nation's piping systens

functioning at 50% of capacity or |ess.#4

In addition to stoppages and col |l apses, infiltration (water seepage

t hrough the collection system pi pes and vaults) can greatly increase
fl ows and cause unnecessary burdens on the treatnent plant. In sone
systens, |ines becone overl oaded and uncontroll ed overfl ows occur at
unspecified locations. Since nost sanitary sewers do not have overfl ow
structures designedinto the system overflows often occur through
manhol es and defective lines in residential neighborhoods causing
backups into hones. In conparison to a conbi ned sewer overfl ow,
sanitary sewer overflows generally contain higher percentages of raw
sewage and a |lower |evel percentage of stormnvater. O d sewer systens,
constructed before 1970 using nortar or mastic jointing materials, can
substantially contribute to infiltration. As a standard, EPA

gui delines consider infiltration to be excessive if the flowto the
treatnent plant is greater than 120 gpd/capita for non-runoff

condi ti ons. 12

Research Probl em

As with water distribution systens, |eak prevention, detection, and
correction in stormvater and wastewater collection systens is not a
sinple problem Know ng |eak status is critical for repair or

repl acenent. Fl ow vol une neasurenent, relatively sinple when input
data is avail abl e, becones nore probl ematical when input is both
unknown and hi ghly variable. Increased flows at the treatnent plant
i ndicate a problem but do not isolate its |ocation. Dye and snoke
test nethods frequently cannot |ocate small | eaks. Mdst currently



avai | abl e aut omat ed pi pe i nspection systens are designed for smaller

di ameter distribution pipes. Varying pipe dianmeters, materials
(including brick, concrete, ductile iron, and clay), odd shapes,

sunps, and angle entries are not frequently suitable for robotic

| nspection systens. Sanitary sewer flows can carry di sease, potenti al

t oxi ¢ substances, and ot her dangers. Physical inspection by workers is
costly, disruptive to urban commerce and travel, and potentially
dangerous to personnel and surrounding structures. Furthernore,

repl acenment i s expensive, especially in older systens which tend to
crack, crunble, deteriorate and erode far faster than systens using

nodern materials.?

Research Questi on

What are the best approaches to assess, maintain and rehabilitate
exi sting sewer systens and to construct new sewer systens in urban
settings?

Resear ch Need

Devel op and denonstrate new and i nproved technol ogi es that can be
used to construct, nmaintain, and repair new and exi sting sewer
I nfrastructure at an acceptabl e cost.

Research Program Areas (not prioritized)

A. 3.1 Evaluate and docunent the results of nultiple rehabilitation
approaches on infiltration/inflow reduction on anational basis.

A. 3.2 Devel op a nethodol ogy to eval uate the adequacy of operation and
mai nt enance prograns for collection systens.

A. 3.3 Devel op an optim zed approach for maintaining collection
syst ens.

A. 3.4 Review and evaluate current sanitary sewer design and
installation practices (including materials for inproved structural
perfornmance) and reconmend i nprovenents.

A. 3.5 Devel op and eval uate new and i nproved coupling techni ques and
house service laterals to significantly alleviate infiltration and
I nfl ow probl ens.



A. 3.6 Devel op net hods and eval uate the benefits of reducing inpervious
areas to alleviate stormnater runoff quality and hydraulic inpacts to
surface waters.

A. 3.7 Evaluate the advantages and di sadvant ages of using side grass
swal es and ot her nethods instead of curbs and gutters to reduce the
quantity of polluted stormnvater runoff entering receiving waters.

A. 3.8 Evaluate current technol ogies, identify, and devel op new and
| nproved technologies to detect and | ocate | eaks in sewer systens and
to evaluate their structural integrity.

A. 3.9 Evaluate current repair/replacenent nethodol ogies for collection
systens and i nvesti gate new and i nproved approaches.

A. 3.10 ldentify and devel op approaches for "retrofitting" existing
wast ewat er treatnent plants and punping stations to expand their
treatnment capabilities wthout maj or expenditures.

A. 3. 11 Eval uate physical, chem cal and thernmal nethodol ogies for
renmoving roots and inproving flowrates in collection systens.

NOTE: Most of the above Research Program Areas are being
addr essed under NRVRL's Wet Weat her Fl ow Research Pl an. 13
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A. 4 CONVEYANCE SYSTEMS: HOT AND CHI LLED WATER AND
STEAM

District heating and/or cooling (DHC) consists of a central plant

whi ch distributes a nediumthrough a piping network to nultiple
bui |l di ngs. For heating, the nediumis either steam or hot water; for
cooling the nediumis chilled water. DHC has a nunber of environnent al
advant ages. Treatnent at a central source allows for significant

i nprovenent in air quality through reduction of em ssions of NOx, SO,,

C0, and particul ates. Additional gains in environnmental quality are

achi eved through the use of gas fired co-generation facilities where
t he waste-heat fromthe generation of electricity is reclained and
used for district heating. This resource-recovery approach increases
efficiencies by the reduction in overall fuel use and associ ated

em ssions. Steam absorption chillers and ot her technol ogi es provide
chl oro-fluorocarbon (CFC) free cooling at a fraction of the cost of
repl aci ng i ndividual building systens. Additionally, the use of
district cooling allows for the replacenent of CFC-based cooling
systens. These pollution prevention activities result in significant
I ncreases in environnental quality and conpliance, and a subsequent
and consi derable increase in net fuel savings.

Anot her pollution prevention advantage of DHC is that of fuel
flexibility. A central plant can be designed to burn nultiple fuels
whi ch may be, or becone available. This allows nanagers and pl ant
operators the capability of selecting the nost cost effective and/or
non-pol luting fuel on a regular basis. As energy becones increasingly

deregul ated such flexibility will be essential. In addition, the use
of, or adaptation to, indigenous renewable fuels wll also be
possi bl e.

Resear ch Probl em

The conbi nation of inproper design, installation or nmaintenance of DHC
systens recurrently leads to environnental quality deterioration, the

| oss of energy resources and efficiency, and decreased systemlife.
Efforts to make optimal use of |imted environnental resources and



capital inprovenent, operational and nai ntenance funds are hanpered by
an inability to accurately estimate future system conditions.

A related problemis that every potential use of DHC represents a

uni que situation that requires an analysis and estinmation of many
factors. A few exanples of such factors include: |ocal and regional

air quality, user density, |load types and proportion, |ocal fuel costs
and availability, terrain and site conditions, |ocal regulations and
econony, applicable environnental regulations, weather conditions, and
projected growh. Decision tools are needed to efficiently assist in

t he conpl ex process of choosing anong nultiple alternatives.

Research Questi on

What are the best nethods to design, construct, maintain,
rehabilitate, inprove and pronote the use of district heating and
cooling without jeopardizing environnental quality.

Resear ch Need

Eval uate, devel op and denonstrate new and i nproved approaches and
t echnol ogi es to design, construct, operate and maintain, repair and
rehabilitate district heating and cooling systens.

Research Program Areas (not prioritized)

A 4.1 ldentify the state-of-the-art on preventing, detecting and
| ocating |l eaks in district heating and cooling systens.

A 4.2 Assess current design, construction, operation and nai ntenance
practices for district heating and cooling systens, including
materials selection and systemrepair and rehabilitation techni ques.

A. 4.3 Devel op and adapt conputer-based decision tools for optinal
choi ces between environnental criteria and energy and distribution
al ternatives.

A. 4.4 Devel op a | ow nai nt enance sensor systemto nonitor boiler and
cooling tower chem stry and autonmatically adjust the treatnent

chem cal input to reduce the potential of an environnmental hazard if
rel eased.



A. 4.5 Investigate and better quantify the condition prediction of DHC
conponents and materials so as to better all ocate maintenance funds.

A 4.6 ldentify current design approaches and devel op new approaches
(such as a standard shall ow trench design) that incorporate the best
features of the various operational systens currently in use.

A. 4.7 Devel op an engi neering systemfor the nanagenent of various
types of distribution systens and conponents to assure optinmal use of
mai nt enance funds.

A. 4.8 Devel op renote sensing technol ogies to detern ne system
condition and energy efficiency in real time, enphasizing the

devel opnent of accurate and |long-lived heat flux sensors and a durable
manhol e hi gh-water al arm

A. 4.9 Devel op an acoustic | eak detection sensor systemfor use on
energy distribution systens.

A.4.10 Devel op a quantitative infrared assessnent systemto non-
I nvasi vely determ ne a systens current performance.

A.4.11 Devel op a durable high tenperature insulation which
canw t hstand nedi um durations of boiling water while retaining a | arge
portion of its insulating properties.

A . 4.12 Investigate the | essons | earned by the private sector during
the privatization of district heating and cooling systens.

A. 4.13 I nvestigate new nethods to better water-proof manhol es during
new construction and rehabilitation.

A. 4.14 Devel op high performance coatings to prevent scale buildup in
heat exchangers.

A. 4.15 I nvestigate enhanced thermal heat capacity nediuns for thernal
distribution to allow for conparable energy delivery while using
smal | er di aneter pipes.

A. 4.16 Devel op durabl e high performance, polyneric nmulti-strand heat
exchanger tubing for greater efficiency and | onger service life.
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B.1 STORAGE SYSTEMs: POTABLE WATER

Many water distribution systens in the United States are approaching
100 years of age and are in poor condition. Conservative design

phi | osophi es, an aging water supply infrastructure, increasingly
stringent drinking water standards, and increasing demands for potable
wat er associ ated with expandi ng urban areas are causi ng concerns over
the viability of drinking water systens in the United States.

Storage tanks and reservoirs are the nost visible conponents of a

wat er distribution systembut are generally |east understood in terns
of their inpact on water quality. They play a major role in providing
hydraulic reliability which includes adequate water quantity and
pressure for fire-fighting needs as well as donestic and industri al
demands. To neet these goals |arge anmounts of storage are usually

i ncorporated into the design of the distribution systens. 14

Research Probl em

Storage tanks and reservoirs can serve as vessels for conplex chem cal
and bi ol ogi cal changes that may result in the deterioration of water
quality. Key factors in this effect are residence tines and m xi ng
characteristics. Large storage facilities experience |ong residence
times which can contribute to chlorine residual |oss and possible

i ncreases in the I evel of mcro-organisns. Conplete m xing nmaxi m zes
the contact of chlorine with water volune in a tank; consequently,

ef fectivetank design and operation are critical to maintain water
quality at the maxi num degree possi bl e.

Storage facilities commonly enployed for individual water supply

systens include pressure tanks, elevated storage tanks, ground-

| evel reservoirs and cisterns. Materials of construction for storage
facilities that supply relatively small systens include concrete,
steel, brick and soneti nes wood (above the |and surface). Many
facilities fail because of |loss of structural integrity making them
susceptible to contam nation and contributing to the | oss of valuable
resources. Determning the structural integrity of storage systens,



sel ecting suitable construction and replacenent materials, and
| ocating facilities to protect themfrom potential contam nation
requi res nore serious consideration.

Research Questi on

What are the best approaches to assess, construct, operate and

mai ntai n potable water storage and treatnent systens to ensure opti mum
system performance and thus reduce the risks to public health and
safety?

Resear ch Need

Eval uate, devel op and denonstrate new and i nproved approaches and
technol ogi es to design, construct, operate, maintain, and repair
pot abl e water storage and treatnent systens.

Research Program Areas (not prioritized)

B.1.1 Docunent the primary causes of |eaks and failures in potable
water and treatnent facilities and assess the state-of-the-art on
preventing, detecting, locating and rehabilitating these | eaks and
failures.

NOTE: The Research Areas associated with the physical aspects of
preventing, detecting and |locating |eaks in potable water storage
facilities are simlar to those for petrol eunichem cal storage

facilities (i.e. tanks, Section B.2) and stormnater storage facilities

(i.e. earthen inpoundnents, Section B.3); accordingly, they will not
be addressed here to avoid redundancy.

B.1.2 Assess current approaches to the design (including naterials

sel ection), construction and installation (including facility

| ocation) of potable water storage systenms and suggest inprovenents to
enhance m xing, extend the structural life of the system and prevent
potential contam nation fromthe |oss of structural integrity.

B. 1. 3 Eval uate how operating conditions, tank geonetry and the
| ocati on and design of inlet/outlet pipes influence the m xing regine
I n tanks.



B.1.4 Assess the applicability of nmulti-conpartnment nodels to varying
system geonetry and operation conditions.
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B. 2 STORACGE SYSTEMs: PETROLEUM CHEM CAL

During the 1950s and 1960s, hundreds of thousands of storage tanks
cont ai ni ng petrol eum products and hazardous chem cals were install ed.
Approxi mately 90-95% of the "regul ated" underground storage tanks
(USTs) (about 2 mllion in the 100-15,000 gal range) contain notor
fuel s and petrol eum products; the remai nder contain hazardous
chenmicals.8 In addition to underground tanks, there are approxinately
2.5 mllion aboveground storage tanks (ASTs) associated wth the bulk
storage of oil and with the production, refining, transportation and
mar keting sectors of the petroleumindustry. This nunber appears to be
grow ng with sone owners of USTs, primarily those with non-retail
operations, closing those tanks and replacing themwth ASTs, or

i nstalling new ASTs instead of USTs. The primary incentive for this
action appears to be (1) cost savings in avoiding the UST regqgul ati ons,
whi ch are seen as stricter and nore costly than current AST

regul ations, and (2) the relative ease of nonitoring ASTs for

| eaks. 15, 17

Most of these tanks were nmade of bare steel, which is likely to
corrode over tine and allow contents to |l eak into the environnent.
Faulty installation or inadequate operating and nai nt enance procedures
al so can cause rel eases. Many of these tanks have either been

abandoned or have exceeded their useful life and are | eaking suspected
carci nogens such as benzene, MIBE, etc.. The threat from | eaking tanks
I's not, however, limted to ground water. Leaking petrol eum and

chem cal s can al so contam nate surface waters and contribute to air
pollution. In addition, these products rel ease vapors that can seep
I nto the sewerage systens of hones and busi nesses and accunul ate to
expl osi ve | evel s.

Today, nore than 300, 000 rel eases from USTs have been confirned. The
EPA estimates that as nmany as 20 to 25% of the regul ated under ground
systens nationw de either are |eaking or expected to leak in the near
future. 16 Federal regulations for USTs set nini mum standards for new
tanks and require owners of existing tanks to upgrade, replace, or

cl ose them The technical regulations are designed to reduce the
chance of rel eases, detect and report |eaks when they occur, and



secure a pronpt cleanup. 1l

ASTs are regulated by the Spill Prevention Control and Counterneasures

(SPCC) Regul ation22, and subsequent revisions, which requires facility
owners and operators to report oil discharges only if they trigger the
reporting thresholds of the Cean Water Act regul ati ons. Consequently,
sone | eaking oil that contam nates soil and ground water may not be
recorded in national spill databases. Despite these data |imtations,
anal ysis of existing data provides definite insight to the problem

e.g.:

--- about 30%of all reported oil discharges from onshore
facilities, or approximately 1,700 spills annually, are
to secondary contai nnent areas, many of which are
believed to be unlined

--- 85%oof refineries, 68% of marketing facilities, and 10%
of transportation facilities have known groundwat er
contam nation near their facilities

--- a study of 88 facilities having 1 mllion gallons or
nore of aboveground storage capacity found that 88%

of these facilities reported groundwater contam nation
--- a study of 75,000 vertical ASTs greater than 42,000
gal l ons indicated that about 10,600 could be | eaking

bet ween 43 and 54 million gallons of oil annuallyl8

Al t hough there is uncertainty about the nunmber of |eaking ASTs and

vol unes of product affecting soil, ground water, and surface water,
EPA bel i eves that sufficient evidence exists to recommend additional
data col l ection and programmatic action. EPA is currently revising the
SPCC Regul ations to address tank construction and installation,
integrity testing, containnment neasures to prevent |eaks, and | eak

det ecti on.

Petro/ chem cal products are also stored in earthen inpoundnents (i.e.,
pits, ponds, |agoons). The research activities associated with the
physi cal aspects of preventing, detecting and |locating |eaks in

eart hen i npoundnents are sufficiently simlar to those associated with
storing stormnvater (Section B.3); accordingly, they will not be
addressed here to avoi d redundancy.



Research Probl em

Leaks and di scharges fromstorage facilities can be attributed to
several causes. Equipnent failure and human error are frequent causes;

e.g., overfilling and other m stakes during product transfer and
handl i ng activities; vandalism failure and wear of piping and tanks;
etc.. Most |eaks occur in the piping or in malfunctioning val ves
(refer to Section A 2, Conveyance Systens: Petrol eum Chem cal);
however, shifting of tank foundations and corrosion contribute
significantly to tank | eaks.

Tests for detecting | eaks are not straightforward in their

| npl enentation and interpretation, particularly as tank

si ze, characteristics, contents and environnental paraneters change.
Additionally, not all |eak detection systens are reliable for varying

tank sizes; e.g.; inventory control techniques are of questionable
reliability as tanks increase in size. Many testing procedures require
time and tenporary shutdown of the tank systens during testing,
frequently resulting in |ost revenue.

Results of an APl research study on the strengths and weaknesses of

| eak nmet hods for ASTs indicate that accurate and reliable |eak
detection is possible using both passive acoustic principles and
volunetric nmethods. The study identified inportant features necessary
to achieve high performance | eak detection with these technol ogi es;
additional verification is required.18 The devel opnent of an accurate
| eak sinulator, for assessing AST | eak detection technol ogies, woul d
enabl e | eak detection verification and testing on a variety of

exi sting tank designs without the need to introduce a leak in a non-

| eaki ng tank. This would greatly enhance the cost effectiveness of an
AST | eak detection program

Research Questi on

What are the nost cost-effective approaches to design, construct,

mai ntain and rehabilitate petro/chem cal storage systens to ensure
opti mum system performance and thus reduce the risks (associated with
failure) to the environnent?

Resear ch Needs

Devel op and denonstrate new and i nproved technol ogies to prevent,



detect, and locate | eaks in petrol eum chem cal storage systens,

I ncl udi ng bel ow and aboveground tanks and earthen inpoundnents (pits,
ponds, and | agoons), and to restore/rehabilitate situations where

| eaks have occurred.

Research Program Areas (not prioritized)

B. 2.1 Docunent the magnitude and prinmary causes of |eaks and failures
i n petrol eunichem cal storage facilities and assess the state-of-the-
art on preventing, detecting, locating and rehabilitating these

probl ens, including facilities such as:

--- steel tanks bel ow and above ground (<1000 gal; 1000 gal
to 25,000 gal; 25,000 gal to 50,000 gal; >50,000 gal)
--- fiber-reinforced plastic (FRP) tanks bel ow and

above ground (<25,000 gal; 25,000 to 50,000 gal)
--- pits, ponds, |agoons both |ined and unlined

B.2.2 Identify, design, and construct the required nodifications to
the UANRF to enable testing of new and inproved technol ogies for
preventing, detecting and |l ocating |eaks in thepetrol eum chem cal
storage facilities investigated in Research Area B. 2. 1.

B. 2.3 Eval uate the application of acoustic and nonacoustic

technol ogies to detect and | ocate | eaks in underground and aboveground
storage systens of various sizes, materials of construction and
contents, and develop a matrix associated with what systens are nost
applicable to specific situations.

B.2.4 Evaluate current design and installation procedures and new

t echnol ogi es, such as "built in" |eak prevention, detection, and | eak
| ocation capabilities, and recomrend i nproved approaches to prevent
failures and to extend the useful life of a system

B.2.5 Identify and assess the state-of-the-art on technol ogi es that
can assess and nonitor the structural integrity of petroleum and

chem cal storage systens and eval uate the application of acoustic and
ot her nondestructive technol ogies to determne structural integrity
and devel op approaches that can reliably estimate system fail ures.

B. 2. 6 Docunent the performance of fiber-reinforced plastic (FRP) tanks



bot h bel ow and above ground and reconmend i nproved design,
I nstallation and rehabilitation procedures.

B.2.7 Evaluate the performance of existing storage systens that were
originally designed to store conventional petroleum products and are
now bei ng used to store alternative fuels which have hi gher al cohol
cont ents.

B.2.8 Docunent the state-of-the-art on the detection and | ocati on of
| eaks in storage systens used to store alternative fuels.

B.2.9 Assess the state-of-the-art on storing petrol eum and

chemcals in lined and unlined pits, ponds, and | agoons and
i dentify inproved | eak prevention, detection and |ocation
capabilities.

B.2.10 Sel ect and denonstrate a | eak sinulator for assessing AST | eak
detecti on technol ogi es.

B.2.11 Investigate i nproved operati on and nmai ntenance prograns to
reduce risks to the environnent and to operating personnel from
premature failures.

B.2.12 lIdentify and assess the state-of-the-art on repair and
rehabilitation technol ogi es for damaged storage systens and
| nvesti gate new and i nproved technol ogi es.

B. 2. 13 Eval uate em ssion techni ques which can identify and | ocate
partial discharge sources in oil-filled transforners.

B.2.14 Evaluate the application of acoustic em ssions technology to
prevent, detect and |ocate |eaks in production systens, such as:

--- thick-walled, high tenperature pressure vessels, where the
stresses resulting from cool down may be sufficient

to stinmulate defects which can be identified with

acoustic technol ogy; nonitoring the cool down provides

i nformation for scheduling further inspection and

mai nt enance to prevent failure

--- process reactors with refractory |inings which present a
particular challenge for re-qualification because the



renoval of the lining to allow internal inspection is
costly and can result in subsequent reliability

probl ens; acoustic procedures for testing these vessels
can be used online or during pneumatic tests
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B. 3 STORAGE SYSTEMs: STORMMTER/ WASTEWATER

Storage is considered a necessary control alternative for wet weather
fl ows because of the high volune and variability associated with
stormvat er and conbi ned sewer overflows. Sone of the nobst critical
probl ens currently faci ng wast ewat er nmanagenent agencies are the
control of Infiltration/Inflow (1/1)-induced sanitary sewer overfl ows
(SSCs) and treatnent facilities, including hydraulic overl oadi ng and
di sruptions of biological and other plant processes. As agencies

exam ne alternative approaches to controlling I/1 problens, storage
facilities are increasingly being planned, designed, and constructed
for the control of wet weather flows in sanitary sewer systens. Wile
storage facilities have commonly been constructed at wastewater
treatnment facilities (where they are referred to as equalization
basins) to maxim ze the processing of wastewater generated during wet
weat her while protecting the plant processes fromhydraulic

overl oadi ng or biological disruption, the use of storage at upstream

| ocations within the collection systemhas only recently begun to gain
acceptance. Collection systemstorage facilities are now bei ng

recogni zed as providing nuch of the benefit to treatnent facilities
realized with equalization basins, with the additional benefit of
controlling SSOs and basenent flooding while mnim zing or elimnating

the need to construct relief sewers.12

Wet weat her flow storage facilities may be constructed inline or
offline. These facilities can be constructed inland and upstream on
the shoreline, or in the receiving water. In addition to storage,

ot her functions of these facilities may include sedi nentation (and
associ ated toxics renoval ), dryweather flow equalization, flood
protection, flow attenuation to enhance receiving streamassim/lation,
and hazardous material spills capture. The devel opnent of new and

| nproved concepts for wet weather flow treatnent and control is

covered in NRVRL's Wet Weat her Fl ow Research Pl an. 13

This plan predom nantly addresses the structural aspects of stormater
and wastewater storage facilities. Conventional facilities are usually
concrete or earthen basins or inpoundnents. During the |last two years

al one, hundreds of |ives were |ost, thousands of square mles of



ecosystens were destroyed or devastated, and $50 billion of property
danmage was caused by the failure of these types of facilities due to
excessi ve stormater.

Besi des these conventional wet weather flowrelated facilities, there
are as many as 500, 000 earthen-di ked i npoundnents (pits, ponds and

| agoons) in the United States containing potentially hazardous wastes.
This total includes small waste ponds at m nor chem cal manufacturing
plants as well as mle-square tailing |l agoons at mnes, snelters, and
phosphoric acid plants. A common el ement between these simlar systens
Is that a seem ngly secure earthen inpoundnent may suddenly fail wth
provocation as slight as a heavy rain. These failures have resulted in
the loss of life, caused the uncontrolled rel ease of contam nants,
pol | uted wat erways, killed aquatic species, adversely inpacted
drinking water systens, generated public and political concerns, and
despoi |l ed scenic areas.

Research Probl em

Eart hen i npoundnents, |evees and dans generally consist of an
enbanknment (with an upstream and downstream sl ope) and a base
foundati on. Such systens are constructed of a variety of soils;
frequently, with the materials that were at hand. The resulting
structures may be susceptible to sudden failure. Additionally, seepage
may al so reduce sl ope strength and contribute to failure, because it
brings fluid to the downstream sl ope and t hereby adds wei ght,

I ncreases the | oad, and decreases apparent cohesiveness and effective
normal force. Failure through the base nust be considered,
particularly when the soil beneath the damis softer than the sl ope-
formng soil. In addition, unless adequate freeboard (enmbanknment

hei ght above the maxi num expected fluid level) is provided, failure
can occur through overtopping.

Eart hen i npoundnents are subject to overtopping and failure through
the collection of rainwater, run-off or other uncontrolled inflow
Overflows are generally the result of insufficient capacity due either
to insufficient freeboard or structural problens that reduce the
effective capacity. No matter what the cause, inpoundnent overfl ows of
hazar dous wast escan pose significant environnental and public health
ri sks through the contam nation of soils, ground water, and surface
water, as well as the potential to spread the contam nation into areas
not currently inpacted by the inpoundnent.



Because this probleminvol ves thousands of earthen inpoundnents and
dans, and tens of thousands of |evee-mles (six thousand in northern
California alone) throughout the country, an inexpensive and sinple
technique for nonitoring the stability of earthen dans is needed. The
hi gh cost of conventional nethods of nonitoring damstability usually
rul es them out as candidates for evaluating failure potential of small
waste dans. It seens unlikely that conventional nethods of inspection,
whi ch require expensive instrunentation and trained geo-technical

engi neers, can neet the need.

Under this inpetus, EPA ORD devel oped a prototypi cal acoustic em ssion
nonitoring system-- based on the phenonenon that soils emt sounds
under stress. Initial research results denonstrated that the resulting
acoustical signals, when properly anplified and quantified, can be

val uabl e guides in evaluating the stability of earthen inpoundnents. 19
Recent advances in signal processing, conputer hardware and software,
and telenetry now provide a cost-effective platformfrom which these
initial research efforts can be devel oped into an accurate, reliable
and i nexpensive systemfor nonitoring the stability of earthen
structures. Such systens will provide real-tine data regarding the
structural condition of renote earthen structures. This is especially
critical during energency situations since it would enabl e responsi bl e
officials to deploy limted resources to reinforce the nost critical
areas and avert catastrophic failures.

Research Questi on

What are the nost cost-effective approaches to design, construct,
mai ntain and rehabilitate storage systens for stormwater and

wast ewat er to ensure optinmum system performnce and thus reduce the
ri sks (associated with the failure of such systens) to the

envi ronment ?

Resear ch Need

Devel op and denonstrate new and i nproved technol ogies to prevent,
detect and | ocate | eaks in storage systens used to store stormater
and wastewater and to restore/rehabilitate situations where | eaks have
occurred.

Research Program Areas (not prioritized)




B. 3.1 Docunent the magnitude and prinmary causes of |eaks andfail ures

I n systens used to store stormnvater and wastewater and assess the
state-of-the-art on preventing, detecting, |ocating and rehabilitating
t hese problens; including sewer systens, end-of pipe storage systens
and earthen inpoundnents (including dans and | evees).

B.3.2 Identify, design, and construct the required nodifications to
the UWRF to enable testing of new and i nproved technol ogi es for
preventing, detecting and locating | eaks in the storage systens

I nvestigated in Research Area B. 3. 1.

NOTE: Research Areas in B.2.3, B.2.4, B.2.5, B.2.6, B. 2.9, B.2.10,
B.2.11, and B.2.12 address technical activities associated with
storing petroleum and chem cals. The technol ogy research approaches
for these areas are related to and can be applied to the investigation
of | eak prevention, detection, and location in earthen inpoundnents.
Accordi ngly, these technol ogy areas are not repeated here to avoid
redundancy.


http://www.epa.gov/
http://www.epa.gov/ord/
http://www.epa.gov/ednnrmrl/1search.htm
mailto:Koustas.Richard@EPAMAIL.EPA.GOV
http://www.epa.gov/ednnrmrl/

C. SUSTAI NABLE TECHNOLOGY DEVELOPMENT

Sust ai nabl e devel opnent has been defined as "devel opnent that neets

t he needs of the present generation w thout conprom sing the needs of
future generations."2l A sustainable comunity exacts less of its
environnment in terns of |and, water, resources and fuel and uses what
It extracts as efficiently as possible. Sustainable devel opnment has
the potential to alter the fundanental underpinnings of the

rel ati onshi p between humans and the natural environnent, as well as
political, corporate, and societal systens.

It has been estimated that, "the changes that society will experience
over the next 20 years will be five tines greater than that which we
have wi tnessed over the |last 100 years. Consider the advancenents in
medi cal care, comrunications, and transportation since 1892; nultiply
t hat change by five, and you will have a senblance of the world in the
year 2012. There is no reason to believe that the water supply (and

wat er resources) comunity will change any less."2 As the American
popul ation and industrial base grows, increased demand for water has
and will continue to force conmmunities to use source waters of | esser
quality. New and i nproved technol ogies are required to address this
demand and to preserve water for the next mllennium To acconplish
this, the water resources comunity nust understand everythi ng about
Its product and strive to inprove the quality of water delivered to

Its custoners and to protect water as a precious resource. !

In the context of this research plan, sustainable devel opnent woul d
provi de new and i nproved solutions to existing and energi ng probl ens
associ ated with the storage, conveyance, treatnent anddi stribution of
wat er and wastewater. Such solutions would, for exanple, include

consi deration of renewability, recyclability and reuse, energy
consunption, operating cost, waste and pollution reduction, and risk
and liability. Preceding sections of this plan essentially addressed
envi ronnental inprovenents to existing problens; this section
addresses future gains that could be realized fromthe design of |ong-
term anticipatory research.

Research Probl em




The concept of a sustainable community nust be approached at a variety
of levels: at the level of the environnental context and | ocal

ecol ogy; at the level of the local econony and its interconnections
with other |ocal, regional, national and international econom es; at
the level of the social and cultural nores and attitudes of the

| nhabitants of the conmunity; at the level of the technol ogy that
under pins the comunity and enables it to function and grow. Few
serious studies exist which rigorously and accurately eval uate and
assess the cost/benefit relationship between w descal e application of

"sust ai nabl e" principles versus nore nmarket-driven, |aissez-faire
devel opnent.

Achi evi ng sust ai nabl e devel opnent presents a challenge to deliver new
and innovative infrastructure and facilities needed to serve society
whil e protecting the environnment. The introduction of new pl anni ng,
desi gn and operating concepts; new materials of construction; and nore
sophi sticated treatnent and reuse processes wi |l nean additional
contam nants for which potential health risks will need to be

determ ned. Facilities are currently designed using | east-cost

t echnol ogi es that ignore opportunities to inprove productivity and to
enhance environnental quality. In sonme cases, better technol ogies are
avai |l abl e, but the capability to find and retrieve themis not there.

From a water and wastewater research perspective the initial problem
Is defining the principles associated wth sustainabl e devel opnent in
operational terns and identifying the opportunities to pronote it.
Before the industry can act to create sustainable infrastructure in
these areas with confidence, there nust be a clear, accepted
delineation of the ways to identify, evaluate, and verify
sustainability. Since the current understanding is conceptual, it nust
be suppl enented by devel opi ng the paraneters and the nethods necessary
to neasure it. Key stakehol ders nust collectively agree upon these
factors and upon a neans for continually re-exam ning the issues and
revising the definitions to keep pace wth advanci ng know edge. This
research plan proposes to acconplish this for water and wast ewat er
activities through neasures such as the devel opnent of new anal ysis
tool s which include sustainability paranmeters, denonstration of the
actual costs and benefits of sustainabl edesign, and devel opnent of
desi gn approaches that incorporate the definition of sustainability

Wi thin the process of setting project objectives and nonitoring
results.



Research Questi on

VWhat are the paraneters associated with "sustainable" water and
wast ewat er systens, and how do we apply these paraneters to the
design, installation, operation and mai nt enance of these systens?

Resear ch Need

To efficiently deliver safe, reliable, and functional infrastructure,
whi | e preserving and enhanci ng environnental quality.

Research Program Areas (not prioritized)

C.1 ldentify goal-setting practices and benchmark current high
performance strategi es associated with the design, construction and
performance of conveyance, storage and treatnent of potable water,
petrol eum and chem cal products, and stormwater and wastewater to
enabl e the devel opnent and eval uati on of "nonstandard" innovative
approaches.

C.2 Define the principles involved in achieving sustainable

devel opnent for water and wastewater resources; the objectives
required to attain sustainability; and the decision tools and nethods
required to pursue innovative efficient planning, design construction,
operation, nmaintenance, repair, recycling, and nonitoring of the

process; e.g.,

--- define sustainabl e devel opnent patterns, practices, and
measures pertaining to design and establish new

prot ocol s, processes, qguidelines and tools
--- identify principles of current practice that wll
transform current devel opnent patterns to a

sust ai nabl e built environnent
--- what are realistic and practical principles that are

operationally defined and broadly accepted
--- consider renewal, recyclability, reuse and reduced

operating costs, waste, and pollution
--- develop new anal ytical tools and data to quantify costs,

benefits, and inpacts

--- geographic, economc, social and cultural considerations
(devel opi ng regi ons are experiencing rapid grow h,



with the associated need for their infrastructure to

support that growh --- at the sane tine, devel oped

areas are replacing old and obsolete infrastructure

to neet existing and future requirenents)

--- develop centralized databases for exchange of

I nformati on on planning and design principles and

practices and infrastructure technol ogi es

--- develop training and education prograns on sustainability
--- develop a cost-benefit analysis franmework

that explicitly incorporates environnental inpacts
into the assessnent of sustainable activities

C.3 ldentify the barriers that inpede the adoption of innovative

t echnol ogi es and practices that support sustainabl e devel opnent (e.qg.;
procedures for project selection; inflexible and inappropriate rules,
regul ati ons, codes and standards; know edge of state-of-the-art

al ternatives) and devel op procedures and standards that will provide
the flexibility to pursue sustainabl e devel opnment practices in an
econom cally efficient manner.

C.4 ldentify and evaluate the application of "new age", "high-
performance" materials and systens devel oped for use in space to
replace (repair, rebuild or expand infrastructure) current conveyance

and storage materials and systens to enhance sustainability; e.qg.,

--- establish performance criteria

--- collect real world data on innovative materials

--- devel op nodel s and nethods that identify and gather data
needed for cost anal ysis and environnental assessnents

--- develop tools, databases and guidelines to support

sel ection and anal ysis of alternatives

--- identify econom c opportunities to recycle, reuse
materials, and renew infrastructure and facilities

C.5 ldentify synthetic organic chemcals (SOCs) that could occur, and
the risks of SOCs and inorganic chemcals (10Cs) from

storage and distribution systens constructed of "new age" material s.

C. 6 Evaluate the nmechani snms of SOCs in poor quality source waters and



in highly treated wastewaters considered for direct reuse.

C.7 Determne the potential risks associated with the reuse of sludges
and other wastes associated with stormvater, wastewater, and drinking
wat er treatnment.

C.8 Identify communities that have attenpted to conpletely/

sel ectively plan and design for sustai nable water and wastewat er
activities; evaluate their approach; nonitor their performance; and
devel op denonstration projects with other comunities to verify the
performance of sustainable technologies in real world applications to
pronote their use.

C. 9 Devel op a deci sion-support system for sustainable technol ogy
sel ection, including:

--- new tools and nethods for advancing state-of-the-art
t echnol ogi es

--- |life-cycle costing and eco-construction techni ques
--- new predictive tools

--- educational and professional training prograns
- -- dat abases

C. 10 Devel op i nproved quantitative deci sion-support tools to conpare
the costs and effectiveness of various renediation alternatives wthin
a risk-based framework for significant, recurrent and critical risk

managenent renedi ation situations in urban areas; e.g., solvent sites,
pesticides sites, and wood preserver sites, netal sites, |ead battery
sites, petroleum and chem cal storage sites, etc.

EPA estimates that there are approxi mately 450,000 urban industri al
sites that have fallen into disuse. Unpredictable cleanup costs often
cause businesses to overl ook these so-called browfield sites in favor
of untouched suburban or rural greenfield sites. This pattern of |and
use results in environnentally destructive urban spraw. Mst of these
sites could be safely, sensible and economcally restored for

I ndustrial use; however, the problemrenmains unpredictabl e standards.

| f the cleanup standards were better defined, the resulting val ue of
the and would nmake it environnentally viable for private industry to
cost-effectively clean up many of these sites.
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APPENDI X A

SELECTED | NFRASTRUCTURE | SSUES RELATED TO NRVRL ACTIVITIES
Wat er Resources | ssues

Leak detection/repair of potable water transm ssion |ines nust be
acconpl i shed nore quickly, nore accurately and nore cost-effectively.
The goal is to devel op inproved technol ogies to reduce the percentage
of potable water |losses in these pressurized systens, |osses estinated
to represent approximately 30% of the cost of water distribution on a
nati onal basis.

Stormwat er runoff quality cannot be assured; consequently, innovative
managenent prograns, such as considering runoff in the design of
hi ghways, communities, etc., are required. The objective is to utilize
runoff as a resource by controling it at the surface.

Fl ood control for waterways is typically acconplished by building
protection structures such as floodwalls, |evees, dans, control
channel s, or reservoirs. These structures have failed or overtopped due

to i nadequat e design/design tools, (e.g. inaccurate nodeling of channel
hydraul i cs, underestimating runoff and design flows due to increased
ur bani zation, etc.). The goal is to devel op an i nexpensive real tine
systemfor nonitoring the structural integrity of such systens to
prevent catastrophic failure.

G oundwat er nonitoring and detection are required to maxi m ze the
I'i kel i hood of intercepting groundwater contam nated by | eachate from
muni ci pal solid waste landfills and other sources, and to provide early
detection. An area of concern when setting up a nmanagenent systemis
the design, installation, and nmai ntenance of the nonitoring well
net wor K.

G oundwater well drilling and mai ntenance technol ogy devel opnent for
dri nki ng water purposes is often considered a |lower priority than
groundwat er nonitoring and detection. Application of nodern
construction techni ques, including techniques devel oped for hazardous



material nonitoring wells, may assist the nunicipal well industry in
conplying better with Federal nandates.

WAst ewat er | ssues

Repair and rehabilitation of collection systens is essential to
prevent stoppages and col | apses caused by root intrusion, corrosion,
soi | novenent, inadequate construction, etc.. New technol ogies are
needed to reduce the problemof infiltration, which can greatly
I ncrease fl ows and cause unnecessary burdens on the wastewater
treat nent plant.

Leak detection in collection systens underlies decision nmaking for
repair and rehabilitation. Sewer infiltration | eaks are common enough
that the problem of treatnent of excess groundwater is a serious source
of extra costs for nany wastewater treatnent systens. |deal
t echnol ogi es would rapidly detect new | eaks and i nform operators of the

exact location, extent, and character of the leak (i.e., infiltration
or exfiltration).

Managenent of worker health and safety is especially critical to the
wast ewat er treatnent industry since historically it has experienced one
of the highest rates of accident frequency and severity of al
i ndustries reporting to the National Safety Council.4 The nature of
wast ewater and its byproducts as well as the treatnent process and
equi pnent create "abnornal " at nbspheres and worki ng conditions.

Br eakt hr ough technol ogi es that conpletely change the way in which
wastewater is treated could radically inprove the safety of treatnent
pl ant wor kers.

Mai nt enance and repair of treatnent systens is critical to keeping
di scharge wat erways pat hogen and pollution free. Ideal technol ogies
woul d elimnate the breakdown factors that generate mai ntenance
probl ens t hrough i nproved design and construction approaches.

Power and Energy |ssues

Leak detection for storage tanks (UST and ASTs) is required by
federal regulations. There are nunerous nethodol ogi es bei ng enpl oyed,;
however, there is a need to docunent the performance of the various
technol ogies as they apply to various size tanks (small process tanks,
bul k tanks, etc.) and products (alternative fuels, hazardous chem cal s,



etc.). Inproved technol ogies are al so needed for quicker and nore
accurate |l eak |location as well as detection, and in particular, |eak
preventi on.

Leak treatnent and cleanup for USTs, ASTs and pipelines involves
st oppi ng and containing the leak or spill,determning the |ocation of
the source and extent of contam nation, preventing further mgration,
and cl eaning up the contam nated site. Faster, cheaper and nore
effective cleanup technologies are required that focus on risk-based
approaches and the use of alternative and innovative cl eanup
t echnol ogi es.

Leak detection for utility pipelines nust be acconplished quickly,
accurately and cost-effectively. Approximately 75% of the | eaks in
under ground storage systens occur in the pipelines; nostly pipelines
under pressure. As w th underground tanks, but nore inportantly for
pressurized pipelines, the need is for preventing and | ocati ng | eaks,
as well as for detecting | eaks, in pipelines of varying sizes,
materials of construction and products.

Aboveground storage alternatives to underground storage tanks are
becom ng nore common because of fewer associated federal regul ations,
|l ess red tape and insurance liability, lower initial costs and easier
installation and | eak nonitoring problens. However, there are still
many chal |l enges to the use of ASTs:

--- initial installation costs may be | ower, however,
| ong-term mai nt enance nust be consi dered

--- ASTs can require additional real estate

--- froma fire standpoint, USTs are safer;

however, technol ogi cal advances in AST designs

coul d overcone this

--- containing a leak froman AST nay be nore

probl ematic since concrete is the nost popul ar
cont ai nment materi al

--- vapor control is a very inportant consideration
W th ASTs

--- extra security neasures may be necessary for an AST
systemto prevent vandalism

Repair of utility pipelines involves hundreds of mllions of dollars



each year due to corrosion problens in steel and cast-iron pipes that
carry gas and other fuels. These costs are expected to increase, Since
over half of the pipeline network using these materials was installed
before 1960. A better understanding of the cause and effect of pipeline
corrosion is needed, as well as cost-effective strategies for

assessing, preventing and rehabilitating corrosion.

Hazar dous Waste | ssues

Alternatives to landfill disposal are required as existing landfills
are closed and incinerators that do not neet airquality requirenents
are shut down. Potential solutions

have simlar concerns as landfills; e.qg., possibility of fire,
expl osi ons, production of toxic fumes, inproper nmanagenent of

I nconpati bl e waste and the possibility of contam nation of surface
and ground wat ers.

Spills and cl eanup technol ogi es should focus on nore tinmely and cost-
efficient approaches to: contam nated groundwater plunme nmanagenent,
surface water controls, gas controls, treatnent of |iquid waste

streans, treatnent of sludges and soils, and in situ treatnent
t echnol ogi es.

G oundwat er pol | ution nonitoring/containnment technol ogi es are needed
to determ ne whet her hazardous wastes are | eaking froma treatnent,
storage, or disposal facility at |evels great enough to warrant
conpliance nonitoring; and to evaluate the concentrations of hazardous
constituents in groundwater to determ ne whether corrective actions are
requi r ed.

Transportation |ssues

Dr ai nage of hi ghways and roadways can present flood, naintenance, and
wast ewat er problens. Current designs do not adequately address
I nstallation and mai nt enance approaches that could prevent flooding and
reduce contam nation fromroadway runoff.

Roadway snow renoval and de-icing nust be coordinated in an
environnental |y conscious and efficient manner, while ensuring safe and
passi bl e roads during cold weather conditions. Guidance is needed for
deci si on maki ng on which of the nunerous de-icing agents to use, what



Is their environnental inpact, and how to spread themin the nost
effective manner.
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APPENDI X B

NRVRL' S URBAN WATERSHED RESEARCH FACI LI TY (UWRF) : | NFRASTRUCTURE TEST
APPARATUS

The Infrastructure aspect of the U ban Watershed Research Facility was
originally designed and constructed to represent a full-scale

equi val ent of a commercial underground tank facility that can be
operated under the controlled conditions necessary to obtain
reproduci ble test results. The setup consists of tw 8,000 gal

under ground tanks (one nade of coated steel, the other of fiberglass);
secondary contai nnent (a synthetic nenbrane) for each tank; 3,000 gal
and 6, 000 gal aboveground tanks wi th heat exchange coils; a 154, 000
Btu/h electric heater and a 60,000 Btu/h chiller; 400 gal m ni num
transfer circul ation punps; and nonitoring wells (both inside and
outside the secondary contai nnent). The apparatus was designed to
simul ate | eaks of different sizes and to provide maxi num control over
the major factors that affect the performance of rel ease detections
systens for tanks.

A full-scale pipeline test apparatus was al so constructed and

I ncorporated into the tank apparatus to support the devel opnent of

pi peline rel ease prevention and detection technol ogies. The ori gi nal
apparatus consisted of two 200 ft, 2 in dianmeter pipelines; one |line
made of fiber-reinforced plastic and the other of steel. The system
was instrumented to allow for nonitoring of the product in the |ine,
t he backfill, the operating characteristics of the line, and all
appurtenances on the line. It was pressurized, and | eaks were

stimul ated and det ect ed.

The early research work at the UARF led to a maj or ongoing nulti-
agency pipeline |eak | ocation research program sponsored by the DoD s
Strategi c Environnental Research & Devel opnent Program ( SERDP). As
part of this program NRMRL's UWRF i s undergoi ng extensive

nodi fication, including the installation of several representative

pi peline test systens, to specifically devel op acoustic technol ogi es
for nore accurate detection and | ocation of |eaks in pressurized

pi pelines. SERDP funds are restricted to the devel opnent of acoustic



t echnol ogy for specific DoD pipeline problens. Many of the Research
Program Areas discussed in this plan could be exam ned at the UARF in
a cost-effective manner by nodi fying the SERDP sponsored systens to
enabl e the investigation of acoustic technol ogy for other than SERDP
applications and to investigate other than acoustic technol ogi es.


http://www.epa.gov/
http://www.epa.gov/ord/
http://www.epa.gov/ednnrmrl/1search.htm
mailto:Koustas.Richard@EPAMAIL.EPA.GOV
http://www.epa.gov/ednnrmrl/

TABLE 1: H GHEST PRI ORI TY | NFRASTRUCTURE PROBLEMS AND
NEEDS* *

WATER RESOURCES | SSUES

NPDES Conpl i ance for Stormater
* Leak Detection/Repair of Transm ssion

Li nes

SDWA Conpl i ance for Potable Water
St or mmvat er Fl ood Managenent

* Stormmvater Runoff Quality

* Fl ood Control for \Wterways

* G oundwat er Monitoring and Detection
* Well Drilling and Mai ntenance

WASTEWATER | SSUES
* Repair/Rehabilitation of Collection

Systens

* Leak Detection in Collection Systens
Regul ations for Treatnent Systens

* Managenent of Worker Health and Safety
* Mai ntenance/ Repair of Treatnent Systens
Land Applications for Sludge D sposal
Conposting/ Recycl i ng of Sl udge

Monitoring of Treatnent Systens

PONER & ENERGY | SSUES

* Leak Detection for USTs

* Leak Treatnent for USTs

* Leak Detection for Uility Pipelines
* Aboveground Alternatives to USTs

* Repair of Uility Pipelines

Clean Air Act Conpliance

Efficiency of Small CGenerators
Wast e Separation-Waste to Energy Plants



HAZARDOUS WASTE | SSUES

Recycling and Reuse of Hazardous Waste
Wor ker Safety in Materials Handling

* Alternatives to Landfill Di sposal
Managenent and Regul ati ons

Resi denti al Hazardous Waste
* Spills and C eanup Technol ogi es

* Goundwat er Pol |l ution Mnitoring/ Contai nnment
Hazard |l dentification of Materi al s

** ASCE Civil Engineering Research Foundation Survey, 19944

* Problens and Needs Related to NRVRL's Water Supply and Water
Resour ces
Di vi si on

SOLI D WASTE | SSUES

Managenent of Residential Collection

Source Reduction by Conposting

Separation Technologies in Materials Recovery
Separation of Waste in Residential Collection
Source Reduction of Litter

Equi pnent Mai nt enance for Resid. Collection

Mat eri al s Recovery by Paper Recycling
Wast e Managenent for RCRA Conpli ance

TRANSPORTATI ON | SSUES

Mai nt enance and Repair of Pavenents
* Drai nage of Hi ghways and Roadways
Asphalt Performance for Pavenents

| nspecti on & Managenent of Pavenents
Mai nt enance and Repair of Bridges
Roadway Mar ki ngs and Si gns

* Roadway Snow Renoval and De-icing
Road Crew Safety

BUI LDI NGS | SSUES
ADA Conpl i ance
Mai nt enance of Buil ding Systens



Construction/Denolition Wrksite Safety
Excavation Safety

Fl ood Protection

Li ghting Efficiency

Construction/Deno Scheduling & Estimating
HVAC & Pl unbi ng Effici ency
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